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Background: Children being cared for in hospital undergo multiple painful procedures daily. However, little is known about the frequency of these procedures and associated interventions to manage the pain. We undertook this study to determine, for children in Canadian hospitals, the frequency of painful procedures, the types of pain management interventions associated with painful procedures and the influence of the type of hospital unit on procedural pain management.
Methods:
We reviewed medical charts for infants and children up to 18 years of age who had been admitted to 32 inpatient units at eight Canadian pediatric hospitals between October 2007 and April 2008. We recorded all of the painful procedures performed and the pain management interventions that had been implemented in the 24-hour period preceding data collection. We performed descriptive and comparative (analysis of variance, χ 2 ) analyses.
Results:
Of the 3822 children included in the study, 2987 (78.2%) had undergone at least one painful procedure in the 24-hour period preceding data collection, for a total of 18 929 painful procedures (mean 6.3 per child who had any painful procedure). For 2334 (78.1%) of the 2987 children who had a painful procedure, a pain management intervention in the previous 24 hours was documented in the chart: 1980 (84.8%) had a pharmacologic intervention, 609 (26.1%) a physical intervention, 584 (25.0%) a psychologic intervention and 753 (32.3%) a combination of interventions. However, for only 844 (28.3%) of the 2987 children was one or more pain management interventions administered and documented specifically for a painful procedure. Pediatric intensive care units reported the highest proportion of painful procedures and analgesics administered.
Interpretation:
For less than one-third of painful procedures was there documentation of one or more specific pain management interventions. Strategies for implementing changes in pain management must be tailored to the type of hospital unit.
upon invitation, to participate in the Canadian Institutes of Health Research (CIHR) Team in Children's Pain program of research and provided letters of support.
Study units within each site were eligible for inclusion if they had a distinct geographic location and administrative structure; admitted children for periods longer than 24 hours; administered painful procedures to inpatients; and had pharmacologic, physical and psychologic interventions available for managing pain. Each site had a site investigator from the CIHR Team in Children's Pain, who met with unit managers to explain the study and to determine which units met the criteria and were interested in participating. At sites with more than four eligible units, we randomly selected four units to participate, including at least one medical, one surgical and one critical care unit. We hired a research nurse as part of the study team at each site. This person's duties included orienting unit staff to the study through standardized presentations during staff meetings, as well as collecting the data for the study. All site investigators and research nurses attended a two-day training session to review the study protocol and learn about procedures for collecting data electronically.
The study protocol was approved first by the Research Ethics Board at the primary site (The Hospital for Sick Children, Toronto, Ontario) and then by the research ethics boards of the other participating hospitals.
Study participants and data collection
Infants and children up to 18 years of age who were admitted to the study units for more than 24 hours were eligible for inclusion. The research nurses collected data from 30 charts per unit over four consecutive four-to six-week periods between October 2007 and April 2008, for a total of 120 charts per unit. More specifically, the research nurses reviewed the charts of the first 30 consecutively admitted children meeting the inclusion criteria during each data collection period. The research nurses performed a comprehensive examination of all aspects of the chart to locate data on the frequency of all skin-breaking painful procedures (e.g., heel lance, finger prick, surgery), all non-skin-breaking painful procedures (e.g., suctioning, mobilization) 11, 12 and any pharmacologic, physical or psychologic pain management interventions over the 24-hour period (midnight to midnight) closest to the time when the chart was reviewed.
The research nurses entered all data into a centralized web-based relational database (the Canadian Pediatric Pain Research database; www.childrenspainstudy.ca), which was created with Oracle version 9 by the Centre for Computational Biology at the core site (The Hospital for Sick Children). Data entry was based on a predetermined list of variables arranged over multiple online pages. The system included built-in valid ation checks and skipped-question prompts to ensure completeness and accuracy of data entry. The data entry process was pilot-tested at each site for feasibility, accuracy and security of data transferred into the database.
Statistical analyses
We conducted initial analyses of the data for demographic characteristics, painful procedures and pain management interventions obtained from each unit to assess completeness and consistency. We calculated means, standard deviations (SDs), medians and interquartile ranges (IQRs) for continuous data and frequency counts and proportions for categorical data. We performed Kruskal-Wallis tests to compare the median number of painful procedures across sites and unit types. We used contingency table χ 2 tests for binary data, such as whether or not a particular type of intervention had been used. To adjust for lack of independence (caused by sampling of multiple patients from the same hospital unit), we used Taylor linearization methods for simple bivariate associations (e.g., Rao-Scott χ 2 tests). 13 In addition to accounting for the clustered nature of the data, these methods are robust to misspecification of the correlation within clusters, when the structure of the correlations is unknown. 14 We specified a significance value of p = 0.05 for all statistical tests.
Results
Between October 2007 and April 2008, we reviewed the medical charts of 120 children per unit from 32 inpatient units (14 medical, 8 surgical, 10 critical care) at the eight research sites, for a total of 3840 children. Demographic data were missing for 4 children (0.1%), and 14 patients (0.4%) did not meet the inclusion criterion of age less than 19 years. We excluded these 18 cases, which reduced the final sample to 3822 children: 1684 (44.1%) from medical units, 1183 (31.0%) from critical care units and 955 (25.0%) from surgical units.
In the medical and pediatric intensive care units (ICUs), the most common reasons for admission were related to the respiratory and circu latory systems (e.g., pneumonia, congenital heart diseases). Oncology-related diagnoses were also common in the medical units. In the surgical units, the most common types of surgeries performed were related to general surgery (e.g., appendectomy) and orthopedics (e.g., for scoliosis or fracture). The most frequent diagnoses for neonates in the neonatal ICUs were related to prematurity and congenital conditions. Additional sample characteristics are presented in Table 1 .
Numbers and types of procedures
Of the 3822 children included in the analysis, 2987 (78.2%) had one or more painful procedures recorded for the 24-hour period preceding data collection. The total number of painful procedures was 18 929 (mean 6.3 per child who underwent a painful procedure, SD 7.0, median 3.0, range 1-50, IQR 2.0-6.0). The 10 most commonly performed procedures accounted for 14 294 (75.5%) of all procedures. The most commonly performed procedures (i.e., administered to at least 1% of patients in the study sample) in each category of pain severity and the types of interventions administered within the 24-hour period preceding data collection for patients who underwent these procedures are summarized in Table 2 .
Children in critical care units (pediatric and neonatal ICUs) underwent many more painful procedures than those on medical and surgical units: for children in ICUs, median 10.0 per day (IQR 4.0-17.0, mean 11.5, SD 8.7); for children on medical units, median 2.0 per day (IQR 1.0-4.0, mean 3.4, SD 3.2); and for children on surgical units, median 2.0 per day (IQR 1.0-4.0, mean 3.2, SD 2.8) (p < 0.001 for differences across unit types).
A greater proportion of children in critical care units underwent at least one painful procedure within the 24- 
Management of painful procedures
Overall, for 2334 (78.1%) of the 2987 children who underwent a painful procedure, a pain management intervention had been documented in the 24-hour period preceding data collection. Of these children, 1980 (84.8%) had documentation of at least one pharmacologic intervention (analgesic and/or adjuvant analgesic), 609 (26.1%) had a physical intervention, 584 (25.0%) had a psychologic intervention, and 753 (32.3%) received a combination of interventions (Table  3) . Of the 1980 children who received a pharmacologic intervention, 348 (17.6%) were receiving a continuous opioid infusion (i.e., fentanyl, hydromorphone or morphine). The most frequent interventions are summarized in Table 3 .
For 844 (28.3%) of the 2987 children who underwent a painful procedure, there was documentation of a pain management intervention administered specifically for a painful procedure. Of these children, 791 (93.7%) had a pharmacologic intervention, 80 (9.5%) had a physical intervention, 21 (2.5%) had a psychologic intervention, and 44 (5.2%) had a combination of interventions. About 21% of children who had a pharmacologic intervention associated with a specific painful procedure (168 of 791) were receiving a continuous opioid infusion (i.e., fentanyl, hydromorphone or morphine).
The proportion of children who received a pharmacologic or physical intervention increased with increasing numbers of procedures administered to an individual child. On the basis of the skewness of the data (S = 2.04), we used the following categories for this analysis: one to three painful procedures, four to six painful procedures and more than seven painful procedures. Of the 1498 children who underwent one to three painful procedures, only 226 (15.1%) received a pharmacologic intervention, whereas 166 Children in pediatric ICUs were more likely than those in other types of units to receive pharmacologic and physical interventions for painful procedures (Table 4) .
Interpretation
More than three-quarters (78.2%) of the children in our sample had undergone at least one painful procedure in the 24-hour period preceding data collection, with an average of 6.3 procedures per child (range 1-50). Similarly, for the majority (78.1%) of children who underwent a painful procedure, some type of pain management intervention was documented in the same time period. For these children, pharmacologic interventions were administered most frequently (84.8%), followed by physical interventions (26.1%), psychologic interventions (25.0%) and combinations of interventions (32.3%). However, only about one-quarter (28.3%) of the interventions were specifically linked with a painful procedure. Pediatric ICUs reported the highest proportion of painful procedures and analgesics administered.
Researchers have reported the untoward consequences of pain in children for decades. 4, 15, 16 Although the frequency of painful procedures documented in our study was lower than in previous studies, it remains unacceptably high and varies considerably across patients and types of hospital units. Carbajal and colleagues 1 reported that neonates from multiple neonatal ICUs underwent a mean of 12 (SD 8) painful procedures daily, and 79.2% of these procedures were performed without specific analgesic. Others have reported similar findings. 9, 10, [17] [18] [19] Thus, the scope of this issue is broad and universal.
There has been some improvement in the proportion of children who received any pain management intervention during the 24-hour period preceding data collection, relative to previous studies. 20 However, despite an abundance of evidence on effective pain management strategies, 2, 3 only a small proportion of children in our study had interventions specifically linked to the painful procedure. Pharmacologic interventions were documented most frequently, especially in pediatric ICUs. Our findings contrast with prospective observational studies conducted in neonatal ICUs, where nonpharmacologic interventions were used more frequently than pharmacologic interventions. For example, in another study, 19 our research group found that nonphar-
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CMAJ, April 19, 2011, 183(7) E407 1 reported that only 2% of painful procedures in neonatal ICUs were managed with pharmacologic interventions, whereas 18% were managed with nonpharmacologic interventions and 20% with a combination of pharmacologic and nonpharmacologic interventions. Study design and the exclusivity of the setting (i.e., neonatal ICUs only) could account for these differences in relation to the present study. In addition, the more frequent use of nonpharmacologic interventions may reflect beliefs associated with pain in infants, safety concerns related to the administration of analgesics (e.g., opioids) [21] [22] [23] [24] or an appreciation of the best evidence (e.g., Cochrane systematic review on sucrose 25 ). The use of psychologic interventions decreased with higher numbers of painful procedures.
The type of hospital unit also influenced pain management practices. For example, medical units documented the most psychologic interventions for managing pain. Health care professionals on these units may see more children with chronic pain, and their use of these interventions for chronic pain may cross over to management of acute pain. Similarly, in critical care and surgical units, more emphasis was placed on pharmacologic pain management, perhaps because of a closer association with anesthesiologists and patient-controlled analgesia. Units that accessed specialist pain services also had less frequent administration of analgesia, perhaps because the number of patients with complex needs seen on these units was limited or because staff members had less perceived "ownership" of overall pain management for other patients on the unit. A systematic review of the effectiveness of acute pain teams in improving the quality of analgesia and postoperative outcomes for adults was inconclusive. 26 However, Werner and coauthors 27 reported that acute pain services were associated with reduced intensity of pain. Note: CI = confidence interval, NICU = neonatal intensive care unit, PICU = pediatric intensive care unit. *Design-based χconsideration of the need for painful procedures for pediatric inpatients and the importance of ensuring a balanced array of pharmacologic and nonpharmacologic interventions should be emphasized during health care professionals' training. Current evidence-based guidelines for dealing with procedural pain and future research using prospective study designs should address and reflect the benefits of documentation that will allow for precise determination of the efficacy of various pain management approaches. Given that units in our study that accessed specialist pain services administered analgesia less frequently, ongoing education for health care professionals about the role of pain specialists, as well as the evidence-based effectiveness of both pharmacologic and nonpharmacologic interventions within different hospital units, is required. Changing the behaviour of health care professionals is complex and challenging. Therefore, solutions to reduce the pain that children experience while in hospital must involve a social dialogue that engages clinicians and researchers and customization of interactive strategies (i.e., strategies involving interaction between health care professionals) that are consistent with the practice culture on the unit and the very fabric of the caregiving model.
Limitations
